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(59 Vehicles equipped with power take-off apparatus.

@ Where power take-off apparatus is driven by an internal
combustion engine (10), the rate of rotation of the power
take-off output shaft (17} is usually controlied by means of a
manual or fool control arrangement. However, especially in
the case of the engine being of the fuel injection type, such
control may be coarse and, as a result, it may be difficult to
maintain the desired steady engine speed. Control apparatus
is now provided comprising a sensor (18) producing pulses
at a rate proportional to the rate of rotation of the power
take-off output shaft (17), a control unit {20) which receives
the pulses and distinguishes between rates above and below
at least one reference rate by responding to the time
between successive pulses, and an electromechanical
actuator arrangement (21) which acts on a fuel fiow control
(22). The control unit (20) provides an output signal which
determines whether or not the fue! flow control {22) operates
to reduce the flow rate of the fuel to the engine {10}.
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VEHICLES EQUIPPED WITH POWER TAKE-OFF APPARATUS

This invention relates to vehicles equipped with power take-off
apparatus. Motor vehicles are known which have an internal
combustion engine of the injection type which uses diesel oil or
gasoline and consequently has a fuel pump for controlling the rate
of flow of fuel to the engine, the vel;icle being equipped with
power take-off apparatus which can be driven by this engine. There
is, however, a difficulty involved in the use of the power take-off
apparatus of such a vehicle in that the control cover the rate of
flow of fuel given by the usual manual or foot control
arrangement for the fuel pump is very coarse in the middle range
of rates rotation of the engine éutput shaft, Fig 1l of the
accompanying drawings shows an example of engine speed in r.p.m.
against fuel input for an injection engine. It will be seen that
control,is good at low and high r.p.m. but very difficulty in
the range between 1,000 r.p.m. and 2,000 r.p.m.

'Ihné present invention has arisen out of an attempt to
overcome this difficulty in a way which does not involve the use
of very complex and expensive fuel pumps v.:hich, while being
satisfactory for power take-off requirements, are detrimental to
the road performance of the vehicle where the engine is the engine
which drives the powered rocad wheels of the vehicle. However, the
invention is not limited to use in connection with vehicles
employing injection engines for driving power take-off apparatus but
applies whether the engine is either of the injection type or
has other means controlling the flow of fuel to the engine, and
applies whether or not the engine which is used to drive the power
take-off apparatus is the same engine which drives road wheels of
the wvehicle.

The present invention applies to a wvehicle having an internal
combustion engine and means for controlling the rate of flow of
fuel to the said engine in operation, the vehicle being egquipped
with power take-off apparatus including a rotary power take-off
output shaft which can be driven by the said engine. 1In
accordance with the invention, means are provided for sensing
rotation of the said output shaft and producing in response thereto

a repetitive signal in which the duration of the repeated element
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is inversely related to the rate of rotation of the said output
shaft, and electrical control means are coupled to the sensing
means to receive the rxepetitive signal and so are coupled to the
mzans for controlling the rate of supply of fuel that in use
whenever the rate of rotation of the said output shaft exceeds a
predetermined value when increasing from zero, the electrical
control means so operate that the means for controlling the rate
of supply of fuel responds by reducing the rate of supply of
fu=l.

The electrical control means may be such that the means for
controlling the rate of supply of fuel does not allow the rate of
supply of fuel to increase or be increased after the rate of
rotation of the seaid output shaft exceeds the set predetermined
value until the rate of rotation of the said output shaft falls
below another lower predetermined value. Furthermore, the electrical
control means may be such that whenever the rate of rotation of
the said output shaft exceeds one or more further higher
predetermined values after exceeding the first said predetermined
value the msans for contrclling the rate of supply of fuel responds
therete by increasingly reducing the rate of suply of fuel.

The means for controlling the rate of supply of fuel may
include a hand oxr foot operated member operable to control the rate
of supply of fwel whenever the rate of rotation of the said
output shaft is below the first said prefetermined value.

Preferably, the means for sensing rotation of the said
output shaft and producing in response thereto a repetitive signal
is such that the repetitive signal consists of a stream of pulses.

Wnere the repetitive signal is a stream of pulses, the
electrical control means may be such as to produce a binary signal
which changes from one level to the other level in response to the
rate of rotation of the said output shaft exceeding the said
predetermined value. The binary signal can be used to effect
energisation or de-energisation of electrical means so0 coupling
the electrical control means to the means for controlling the rate
of supply of fuel that a reduction in the rate of supply of fuel is
effected by the means for controlling the rate of supply of fuel
whenever the said electrical means is energised, or alterpatively

whenever the said electrical means is de-energised. The said
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electrical means may comprise a relay having a set of contacts
which control the supplying of electrical power to a solenoid
comprising a part of the means for controlling the rate of suply of
fuel.

In a preferred embodiment in which the sensing means produces
a stream of pulses, the electrical control means includes an
astable multivibrator so coupled@ to the sensing means as to be
inhibited for a predetermined@ interval at each pulse produced by
the sensing means. Such coupling may include a switching device
arranged to short-circuit a timing capacitor of the astable
multivibrator in response to each pulse from the sensing means.
Consequently if the pulse repetition rate exceeds the value at
which the astable multivibrator is just able to begin a cycle
of its astable operation, the astable multivibrator is inhibited,
i.e. locked in one state. The astable multivibrator is so
coupled to a monostable circuit in the preferred embodiment that
the monostable circuit is triggered to or maintained in its set
state by each occurrence of that part of the cycle of operation .of
the astable multivibrator which occurs only when the astable
multivibrator is not inhibited. Consequently the monostable
circuit is set and remains set when the astable multivibrator is
not permanently inhibited, i.e. when the pulse repetition rate
of the sensing means is low enocugh to allow at least part of a cycle
of astable operation of the astable multivibrator to occur between
the leading edges of each pair of successive pulses produced by the
sensing means. When the pulse repetition rate of the sensing
means is too high for this to occur, the astable multivibrator
locks in a state which results in the monostable circuit returning
to and remaining in its reset state while the multivibrator is thus
locked. An output signal from the monostable circuit representative
of the state of that circuit is thus a binary signal which changes
from one level to the other level in response to the rate of
rotation of the said outpuE shaft exceeding the said predetermined
value when increasing from 2zero.

In this preferred embodiment, a further switching device is
provided for determining for which one of two possible values of
the said predetermined interval the astable multivibrator is

inhibited before carrying out its astable operation. The further
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switching device may, for this purpose, be arranged to short
circuit, when closed, part of the resistance in the timing circuitry
of the astablermultivibrator. The further switching device is so
coantrolled by the binary output signal of the monostable circuit
that the astable multivibrator can carry out its astable operation
after the shorter of the two inhibit intervals whenever the
monostable circuit is in its set state, and vice versa. Consequently
the rate of rotation of the said output shaft for which the
monostable circuit is set again after being reset is a lower rate
than the rate for which the monostable circuit is reset. This
difference between the rates provides hysteresis in the controlling
action of the electrical control means and prevents hunting.

The present invention will now be described in more
dstail, solely by way of example, with reference to the
accompanying drawings, in which:

Fig 1 is a graphical representation of engine speed against
fu=l input,

Fig 2 is a block diagram of part of a power take-off system
in an embodiment of the invention,

Fig 3 is a circuit diagram of electrical equipment forming
part of an embodiment of the invention,

Fig 4 is a set of graphical representations of waveforms
found in use in the electrical equipment of Fig 3,

Fig 5 is a schematic view of pneumatic circuitry forming part
of an embodiment of the inwvention,

Fig 6 is a block diagram of a power take-off system of a
vehicle embodying the invention, 7

Figs 7 and 8 are schematic views of pneumatic circuitry for
use in two different embodiments of the invention, and

Figs 9, 10 and 11 are schematic views of fuel flow control
eguipment in three different embodiments of the invention.

Fig 6 shows in diagrammatic form a vehicle drive system
including an internal combustion engine 10.

The engine 10 has a output shaft 11 coupled to a transmission
mit 1Z. Tne transmission unit 12 has an output shaft 13 cowpled
to a differentizl gear 14 having a pair of output shafts (not
shown) coupled respectively to iwo road wheels (not shown) and an

cutput shaft 15 coupled to a power take-off unit 16 having a power
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take-off unit 16 having a power tgke—off ouiput shaft 17.

As inductive metal-proximity sensor 18 is mounted close to a
bolted flange 19 of the power take-off output shaft 17 in a
position in which the sensor 18 produces a stream of electric
pulses whenever the flange 19 rotates in either direction, the
sensor 18 being arranged to respond to the equiangularly spaced
bolt heads on the flange 19. The repetition rate of the pulses is
consequently directly proportional to the rate of rotation of the
flange 19. The pulses generated by the sensor 18 in response to
rotation of the flange 19 are supplied to an electronic control
unit 20.

The control unit 20 controls a control solenoid of an
electromechanical actuator arrangement 21 which acts upon a fuel
flow control 22 controlling the flow of fuel to the engine 10
from a fuel source 23.

The control unit 20 and the electro-mechanical actuator
arrangement 21 are represented in Fig 2 which shows the contrel unit
20 consisting of an input stage 24, a rate switch 25 and an output
stage 26, and the actuator arrangement 21 consisting of a pneumatic
control 27 and a control valve 28. In operation, pulses produced
at a terminal A by the sensor 18 are shaped by the input stage 24
to provided square pulses at a terminal B. The rate switch 25
responds to the pulses at B by providing a binary "on" or "off"
signal at a terminal E'. 'The output stage 26 responds to an "on"
signal at the terminal E' by energising a control solenoid in
the pneumatic control 27 in the actuator arrangement 21.
Energisation of this solenoid causes air to be passed through the
pneunmatic control 27 and thence through the control valve 28 to
the fuel flow control 22. The supply of air to the fuel flow control
22 causes the flow of fuel to the engine 10 to be reduced to a
predetermined limit. The output stage 26 responds to an "off"
signal at the terminal E' by holding the control solenoid of the
actuator arrangement 21 in a de-energised state so that no air
passes to the fuel flow control 22, and the fiow of fuel to the
engine 10 from the source 23 is not restricted to the predetermined
limit.

Fig 3 shows the circuitry of the control unit 20.

In Fig 3, a positive voltage line 28 is coupled through a



1ic

-

30

w
(U]

Cl1662¢

-6 -

Ri5 an2 a 4iods D7 o a positive rail 30 on which a
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positive voltage VCC 0f 12 volts is thus established. The diode D7
protects the circvitry from accidental reverse connection of the
venicle battery (not shown}), and prevents a capacitor C6 connected
beiween the positive rail 30 and a2 ground rail 31 from discharging
during transients in the voltage on the line 29. ‘The capacitor C6
ané a Zener diode ZX1 in paralliel therewith ensure that the '
voltage VCC is steady.

The sensor 18 has one output terminal connected to the ground
rail 31 and another output terminal which is the terminal A
connected to the inpunt terminal of the input stage 24 which is a
pulse shaping circuit connected between the rails 30 and 31 and
Laving as its output terminal the terminal B. The sensor 18
tcgether with the input stage 24 serve as means which sense rotation
of the shaft 17 and produce in response thereto a repetitive signal
in which the repeated element is inversely related to the rate of
rotation of the shaft 17.

The shaping circuit includes an operational amplifier ICl

its non-invert input ferminal biased to a voltage % Vcc

c
by connection to the connected ends of two equal resistors RZ and
R3 conneciad in seriss beitwesn the rails 36 and 31. The invert input
terminal of the amplifier ITL receives pocsitive voltage at the

anode of 2 ciede DI having its cathode connected to the terminal 2

The terminzl B is cowpled to the ground rail 31 by a
Gifferentiating circuit including a capacitor Cl, a resistor R4
and the base-emitter junction of an NPN switching transistor TR1
with this jumction connected in parallel with a resistor R5 to the
gromé rail 31 and its collector connected to a common point C

in the timing circuitry of an astable multivibrator circuit which

At this comzor point C, resistor RB and a timing capacitox
CZ zve connected tocether, the capacitor C2 coupling the point C
31 ané the point C being coupled to the pesitive
resistors R6, R7 and R8 and two

and VRZ connected in series as shown.

«
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The variable resistor VR and the fixed resistor R6 can be short
circuited by a PNP switching transistor TR2 the base of which

is connected to receive controlling current from respective
connected ends of two collector load resistors R12 and R13 connected
in series between the positive rail 30 and the anode of a diode D4
which protects the base-emitter junction of the transistor TR2
against reverse polarity voltage. An integrated circuit IC2 having
pins 1 to 8 has its pins 2 and 6 connected to the point C, its pin

7 connected to the connected ends of the resistors R7 and R8, its pin
1 connected to the ground rail 31, its pins 4 and B connected to the
positive rail 30, its pin 5 coupled by a capacitor C3 to the ground
rail 31, and its pin 3 connected to a terminal D. The integrated
circuit IC2 is a Signetics NE/SE555 timer and acts as an astable
multivibrator whose characteristic operating time is determined by
the time constant established by the fixed resistors R6, R7 and RS,
the capacitor C2, the variable resistors VRl and VR2, and the
transistor TR2. The integrated circuit IC2 operates such that the
pin 3 is its output terminal.

Fig 4 shows the voltage waweforms which appear at the terminals
and points A, B, C and D, and a further point E in Fig 3 under two
different conditions.

In operation, the amplifier ICl amplifies the pulses in the
waveform at A to provide square pulses in the waveform at B, The
circuitry coupling the point B to the point C acts as follows.
Assuming that the capacitor Cl is in a discharged condition
immediately before a positive pulse occurs at B, the pulse at B
causes the voltage Vcc to be applied across the resistors R4 and
R5 with the result that the transistor TRl is biased into its on
state and the capacitor C2 is r'apidly discharged through the
transistor TRl and remains with zero volts across it until the
transistor TRl turns off. The capacitor Cl charges rapidly
through the resistcr R4 and the base-emitter junction of the
transistor TRl so that the voltage at the base of the transistor
TRl quickly falls and the transistor TR1 turms off. The voltage
at C then begins to rise as the capacitor C2 charges through the
resistors R7, RB and VR2 and the transistor TR2 or the resistors
R6 and VR1. '
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A diode D2 protects the base-emitter junction of the
transistor TR1 against damaging levels of reverse bias at the
occurrence of the trailing edges of the pulses at B.

If the voltage at C has sufficient time to reach 2/3 vcc the
integrated circuit IC2 begins to operate as an astable multivibrator
discharging the capacitor C2 internally from 2/3 Vcc to a voltage
1/3 Vcc within a shorter time. The voltage at pin 2 and hence at
C would rise to the voltage 2/3 vcc and fall again to 1/3 vcc
repeatedly except for the occurrence of a succeeding pulse at B
vhich discharges the capacitor C2 to zero. During the astable
phase of discharge of the capacitor C2 from 2/3 Vcc to 1/3 Vcc
the voltage at pin 3 and hence at D is substantially zexro
volts,

7 If the power take-~off unit 16 is not operating, no pulses
occur at B, and the integrated circuit IC2 with its timing
circuitry operates as an astable multivibrator continuously.

In the output stage 26, an NPN switching transistor TR3
has its base connected to the point E' and is associated with a
relay RL1 which has two sets of normally-closed contacts RL1-1
and RL1-2 each having a fixed contact connected to the 24 voit
positive voltage line 29 and respective movable contacts. The
movable contact of the set RL-1 is connected to a light emitting
diode IED1 with a protective resistor Rl4 in series therewith,
the cathode of the diode LED1 being connected to the ground rail 31.
The movable contact of the set RIL-2 is connected to the solenoid
32 of an electrospneumatic valve, which in this example constitutes
the pneumatic control 27, so that the solenoid is connected between
the _movable contact of the set RL1-2 and the ground rail 31. A
protective diode D6 is connected in parallel with the solenoid of
the valve, and a protective diode D5 is connected in parallel with
the winding of the relay RLl1 which has one end thereof connected
to the 24 volt positive line 29 and the other end thereof connected
to the collector of the transistor TR3, the emitter of which is
connected to the ground rail 31. A zenexr diode ZX2 in parallel
with the transistor TR3 is normally not conducting and serves to
protect the transistor TR3 from excessive voltage which may occur

on the positive line 29,
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The relay RL1l is energised when the transistor TR3 is on, and
is in its de-energised state when the transistor TR3 is off. The
movable contacts of the sets RL1-1 and RL1-2 rest in contact with
their fixed contacts whenever the relay RL1 is in its de-energised
state, and are held away from their fixed contacts whenever the
relay RL1 is in its energised state.’

It will be seen that two time constants are associated with the
capacitor C2, one serving when the transistor TR2 is off, and
another serving when the transistor TR2 is on. These time constants
are selected automatically in accordance with the state of the
relay RLl1, the transistor TR2 being on when the transistor TR3 is
on, and the transistor TR2 being off when the transistor TR3 is
off.

The output pin 3 of the integrated circuit IC2 is
connected at the point D to the input pin 2 of a further integrated
circuit IC3 which is also a Signetics 'Timer NE /SES555 but is connected
between the rails 30 and 31 to operate as a monostable circuit, its
pins 6 and@ 7 being connected together at a point which is coupled by
a resistor RS to the positive rail 30 and by a capacitor C4 to
the ground rail 31, the resistor RS and the capacitor C4 determining
the time constant of this monostable circuit. Direct connections
to the rails 30 and 31 are provided for the IC3 as for IC2 at the
pins 1, 4 and 8, and the pin 5 is again coupled to the ground rail
31 by a capacitor €5. The pins 6 and 7 are also connected to’».t:he
anode of a diode D3 which couples these pins to the point D séi-that
the capacitor C4 can be discharged to the output pin 3 of IC2 when
this pin 3 is at substantially zero volts.

The output pin 3 of the integrated circuit IC3 is connected
at a point E to two resistors R10 and Rll in series which couple the
point E to the ground rail 31. The connected ends of the resistors
R10 and Rl1l are connected at the point E' to the base of the
transistor TR3 so that an attenuated version of the waveform
appearing in operation at E controls the transistor TR3.

When the power take-off output shaft 17 is rotating at less
than a reference rate determined by the state of the transistor TR2?,
the time between successive leading edges of the pulses at B is
sufficiently long for the voltage at C to reach 2/3 Vcc from zero
volts. Conseguently the integrated circuit IC2 operates for a
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short %ime as an asteble multivibrator so that the voltage at C
tends to oscillate between 2/3 VcC and 1/3 Vcc and the voltage at
D is switched to zero for a short time starting at the time at which
the voltage at C reaches 2/3 Vcc' The time taken for the voltage at
C to reach 2/3 Ve from zero, i.e. the SET TIME illustrated in
Fig.-4, has either one of two values depending upon whether the
transistor TR2 is on or off. When the relay RLl is in its
energised state the solenoid 32 is not energised, the transistor TRZ
is on, and ihe resultant ggT TIME is that for a reference rate of
x ¥.p.m. The SEY TIME can be regarded as an inhibit interval for
the astable multivibrator.

The time constant of the monostable circuit of IC3 is determined
by the time taken by the capacitor C4 to charge from zero to
2/3 Vcc volts, the monostable circuit being reset by the voltage at
the pins 6 and 7 of IC3 reaching 2/3 Vcc volts. The capacitor C4
is, hawever, discharged to zero throudgh the diode D3 each time
the voltage at D is at substantially zero, i.e. whenever the output
voltage in the astable operation of IC2 reaches substantially
zero. It is arranged that the time for the capacitor C4 to charge
from zexo to 2/3 Vcc is greater than the time between leading edges
of successive pulses at B when the power take-off output shaft 17
is rotating at the minimum value of x r.p.m. that the variable
resistors VRI and VR2 will allow, i.e. greater than the longest
SET TIME. However slowly the output shaft 17 rotates under the
reference rate, the voltage at D switches between Vcc and zerxo
sufficiently frequently to prevent the voltage at pins 6 and 7 of
IC3 reaching 2/3 Vcc' Consequently, the voltage at E remains high
at almost Vcc as illustrated at (a) in Fig 4, i.e. the monostable
circuit with IC3 is held in its set state while the output shaft
17 is rotating at less than the reference rate.

1f the rate of rotation of the power take-off output shaft
17 is now increased until it exceeds X r.p.m., the events
illustrated at (b) in Fig 4 take place. 'The time between the
leading edges of successive pulses at B is less than before to the
extent that the voltage at C no longer reaches 2/3 Vcc before
dropping back to zero as a result of the switching on of the
transistor TRL. Conseguently, the voltage at D remains at almost
Vcc i.e. the astable multivibrator is inhibited, being locked in
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one state. As a result, the voltage at the pins 6 and 7 of IC3
ramps up to 2/3 Vcc, whereupon the capacitor C4 is discharged to‘
zero by an internal circuit of the integrated circuit IC3, i.e.
the monostable circuit of IC3 resets. The capacitor C4 is held
discharged until the voltage at D drops to zerxro again, which it
does not do until the rate of rotation falls below a different
reference rate of y r.p.m. Thus as the rate of rotation of the
output shaft increases through x r.p.m. the voltage at E, with a
slight delay, drops from Vcc to zexo, the transistor TR3 is switched
off, the relay RL]1 de-energises, and the solenoid 32 of the
electro-pneumatic valve is energised.

When the rate of rotation is being decreased, but is abowve
the reference rate of y r.p.m., the voltage at the pins 6 and 7
of IC3 and at E is zero, the voltage at D is Vcc' and the voltage
at C is below 2/3 VCC. The charging time for the capacitor C2 is
now determined by the resistoxs VR1, R6, VR2, R7 and R8, the
transistor TR2 being off. The change from the shorter charging
time when the transistor TRZ is on to this longer charging time with
the transistor TR2 off can be seen in waveform C in'part (b)
of Fig 4 at a time Tco when the voltage at E switches from VC
to zero, thereby switching off the transistor TR3. It will be
realised that the longexr charging time for the capacitor C2 determines
the value of vy r.p.m., in the same way that the value of x r.p.m.
is Getermined by the charging time for C2 when TR2 is on. When
the rate of rotation has fallen to y r.p.m. the voltage at C can
reach 2/3 Vcc and the voltage at D switches to zero, thereby
unclamping the voltages at the pins 6 and 7 of IC3 and switching E
to Vcc, so that the transistors TR3 and TR2 switch on, the relay
RL1l is energised, and the solenoid 32 of the electro-pneumatic valve
is de-energised. The rate y r.p.m. is lower than the rate x r.p.m.
This diffcrence between the rates provides hysteresis in the
controlling action of the electronic control unit 20 and prevents
hunting, the binary signal which is the monostable output voltage
at E switching from Vcc to zero at x r.p.m. whenever the rate rises
from below y r.p.m. to above x r.p.m. and switching from zeroc to
Vcc at y r.p.n. whenever the rate falls from above x r.p.m. to

below ¥y r.p.m.
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ige 2 and 3 it will be seen that the rate
switch 25 is constituted by the combination of the circuitry
coupling the point B to the point C, the astable multivibrator .
circuit of 1C2, and the monostable circuit of IC3, and that
the output signal of the rate switch 25 is an attenuated form of
the binary signal produced by the meonostable circuit of IC3 at
the point E, the point E' being connected to the connected ends of
the serxries resistors R10 and R1l which couple the point E to the
ground rail 31.

In the output stage 26 of Fig 3, the relay RL1 has its
contact sets RL1-1 and RL1-2 closed when the rate switch output
signal at E' ig low, indicating that the power output shaft 17 is
rotating at z rate higher than regquired. B5An alternative example can
easily be constructed in which the relay co.ntacts are open when
the output shaft 17 is rotating at a rate greatexr than a reference
rate by replacing the relay EL1 with one of the type which has its
contacts open when the relay coil is not energised, and closed when
the coil is energissd. If the electro-mechanical actuator arrangement
21 and the fuel flow control 22 are irn such & case arranged to

increase the flow of fusl to the engine 10 when the solenoid 32 1
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enercised whenever the relay RLl is energised, and the sclencid 32
is de-energised wienevex the relay RLLI is de-energised. Conseguently,

when electric power is first

n

vplied to the thus modified circuit
of Fig 3, the flow of fuel tc the engine 10 is increased by the
operation of the sclencid 3Z wmtil the rate of rotation of the
shaft 17 reaches % r.p.m. vhereupon the solenoid 32 is de-energised

and the flow of fusl may remain at the prevailing level or decrease

]

under the action of, for example, a return spring (not shown),

o Le
acting on the armature (not shown) o©f the solenoid or on some
g

e

other element in the slecitro-mechanical arrangement acting on the fuel
flow control 22. When the rare Secreasss,; for whatever reason,
from x r.p.m., and reach ¥ r.p.m=.. the solencid 32 will agi.. be

energised and the flow of fuel will ke increased so that rate of

A

rotation of the shzf= 17 tends to rise to % r.p.m. Thus the rate
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of rotation of power take-off output shaft 17 can be so

controlled, fully automatically, &5 to increase from zero at
starting to reach x r.p.m. and to remain between the two limits

X r.p.m. and y r.p.m. for as long as the power take-off system is
operating with the modified circuit of Fig 3. To stop the rotation
of the shaft 17, the electrical supply to the modified circuit of
Fig 3 is switched off and the aforementioned retumm spring {(not
shown) or an equivalent means decreases the flow of fuel to zero.

When the apparatus has a control unit 20 as first
described with reference to Fig 3, i.e. with the relay RL1 having
normally closed contact sets RL1 and RL2, a degree of mechanical
control, which may be exercised through a hand or foot operated
control member, is retained in that the rate of rotation of the
shaft 17 is mechanically controlled directly by the user at rates
below X T.p.m. when the rate is being varied from below y r.p.m.
Such mééhanical control, or other control independent of
rotation of the power take-off shaft is normally necessary where
the engine which drives the power take~off shaft is also the engine
wvhich driwves the driven road wheels of the wvehicle, as in the
example of Fig 6.

Fig 5 shows one examéle of the pneumatic control 27 in the
form of an electro-pneumatic valve, incorporating the solenoid
32 (not shown in Fig 5) as its electrical actuating means, together
with a pressure regulator 33 connected to receive air from the
output port O of the valve and to the control valve 28 which consists
of a spring-loaded non-return valve in parallel with an adjustable
restrictor connected to a control element in the form of a pneumatic
actuator 34 comprising a cylinder containing a piston and a retumn
spring arranged to drive the piston towards one end of the cylinder
when the air supplied to the cylinder through the control 27 and
the valve 28 is slightly abowve atmospheric pressure.

The pneumatic control 27 of Fig 5 is suitable for use with
the circuit of Fig 3 when the electro-pneumatic valve is actuated,
i.e. its output port O is set in communication with its input
port I, by energisation of the sclenoid 32 whenever the rate of
rotation of the output shaft 17 exceeds x r.p.m. Air supplied by
the vehicle's compressed air source (not shown) to the input port

I when the electro-pneumatic valve is actuated is then supplied
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through the regulator 33 and the non-return valwve of the control

valve 2B to the pneumatic actuator 34 so that its piston is

rapidly pushed back against the return spring of the actuator 34. <

Subsequent Ge-energisation of the solenoid results in the output

- commumication with the exhaust port EXH of the electro-pneumatic

valve. Consequently, the compressed air in the actuator 34 is
driven out through the adjustable restrictor of the control wvalve
28, and thence through the regqulator 33 and the electro-pneumatic
valve to the atmosphere, the non-return valve of the control valve
28 being shut so that this escape of air from the actuator 34 is
relatively gradual.

In the modified example where the soclenoid 32 is energised
at the start to bring the rate of rotation wp to x r.p.m. and is
subsequently de-energised until the rate falls below y r.p.m., the
electro-mechanical actuator arrancement and control element of
Fig 5 is prefeiably also modifed by reversing the direction of
opening of the non-return valve so that instead of opening under
the action of a flow of zir from the regulato% 33 to the actuator
34, it is arranged to open uncer the action of a flow of air from
the actuator 34 te the reguletcr 332. 1In this modified form, the
adjustable restrictor of ths ccntro% valve 25 deterxrmines the
rate at which the piston of the actuator 34 is driven back against
the return spring ci the actustor, the non~return valve being shut,'
and the explusion of air frow the actuator 34 when the output
port O is in commumnication with the exhuast port EXH is effected
rapidly through the non-return valve of the control valve 28.

Fig 9 shows schematically 2 control linkage for a wvehicle
accelerator control in vwhich an accelerator pedal 35 is coupled by a
rigid link 36 to a centraily pivoted lever 37 having its end
remote from its pivotal connecticn to the link 36 attached to a
return spring 38 and pivotally connected to & rigid transmission
link 3% coupled by another centrally pivoted lever 40 to the
outside end of the pisten ro@ 41 of a pneumatic actuator 42 such as
the actuator 34 of Fig 5. Tne cylinder 43 of the actuwatc: i2 has
at its end remote from the cutside end of the xod 41 & lug 44
pivotally connectied to the end of a control lever 45 of a fuel pump

46 of an injection engine {not showrn) which may be the engine 10 of
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Pig 6. Actuating air from a control valve such as the valve 28
of Fig 5 is supplied to the air inlet 47 of the actuator 44. The
arrangement of Fig 9 is such that when the return spring 48 of the
actuator 42 is in its relaxed state as illustrated in Fig 9,
Gepression of the accelerator pedal 35 to the maximum extent
results in the fuel pump lever 45 turning anti-clockwise to the
position for maximum flow of fuel to the engine. When compressed
air is allowed into the actuator 42, the spring 48 is compressed and
the distance between the outside end of the piston rod 41 and the
lug 44 is increased to a predetermined extent. Conseguently,
maximum depression of the accelerator pedal 35 now results in the
fuel pump lever 45 turning anti~clockwise to a predetermined
limit position which is short, by a predetermined amount, of the
position for maximum flow of fuel to the engine. Hence, if while
the pedal 35 is being held Gown at its position of maximum
depression the actuator is initially unpressurised, so that the
spring 48 is in its relaxed state, air is supplied to theractuator
42 and compresses the spring 48, the fuel pump lever 45 will turn
back clockwise from' the position for maximum flow of fuel to the
predetermined limit position. Thus, the engine can be slow Gown
while the accelerator pedal 35 is depressed. In such an example,
the pedal 35 is used to control the engine during operation of the
power take-off system which is as described hereinbefore with
reference to Figs 2, 3, 4, 5 and 6, the linkage and fuel pump 46
of Fig 8 constituting the fuel flow control 22 of Fig 6.

Where a vehicle has a separate, manually operable lever for
controlling a power take-off system, the fuel flow control 22 may
be_as shown in Fig 10 where a centrally pivoted lever 49 has a
hand knob 50 at an accessible end and is pivotally connected at
the other end to one end 51 of a transmission cable having a sheath
52 with its end 53 adjacent the cable end 51 fixed and its end
54 adjacent the other cable end 55 mounted on the free end of a
lever 56 with a fixed pivotal mounting 57. This other end 55 of
the cable is pivotally co;nected to the free end of the control
lever 45 of the fuel pump 46. The lever 56 is coupled to a fixed
post 60 by a return tension spring 58 and a pneumatic actuator
59 which in this case does not require its own return spring.

Pressurisation of the actuator 59 turns the lever 56 clockwise
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against the tension of the return spring 58 and increases the
distance between the ends 53 and 54 of the sheath of the cable,
thereby driving the end 55 of the cable further away from its end

51. Consequently, pressurisatiocn of the actuator 59 while the knob
50 is held in any particular position causes the fuel pump lever

55 to be rotated clockwise which, it is arranged, results in a
reduction of the flow of fuel, as in the arrangement of Fig 9.

Where it is Gesirable to have a second upper limit z r.p.rrrn.
which is a higher rate of rotation than x r.p.m., a second circuit
corresponding to Fig 3 is provided with the timing chosen to
replace x r.p.m. with z r,p.m. and y r.p.m. with (z-a) r.p.m. vhere,
say a=x-y, and the solenoid 32 of this second circuit according to
Fig 3 is the solenoid of a second electro-pneumatic valve. The two
electro-pneumatic valves, EV1 and EV2, are used as shown in Fig 7,
each supplying its respective pressure regulator 33 or 33' and the
outputs of the regulators being connected to the two input ports of
a pilot operated spring returned air valwve 70. The output port
of the valve 70 is in communication with & conirol valve such
ac the valve 28 of Fig 5. The pilot P of the valve 70 is connected
to be supplied with air from the output port of the second
electro-pneumatic valve EVZ and. when thus suplied, holds the
output port of the valve 70 in communication with that one of its
input ports which comzunicates with the regulator 33' of the second
electro-pneuwmatic valve EVZ. 1In the absence of a compressed aix
supply from the output port cf the second valve EV2, the return
spring S of the valve 7C holds the ocutput port of the valwve 70
in communication with the other input port, which is in communication
with the regulatox 33. .

In operation, while the rate of rotation of the ouitput shaft
17 increases from below y r.p.m. to below x r.p.m. both valves EV1
ané EVZ2 vent their output ports to atmosphere, their solenoids
being in the de-energised state. When the rate exceeds x r.p.m.
the first valve EV1 is actuated and air at a pressure determined
by the regulator 33 is supplied to the valwve 70. This pressure
is lower than that determined by the regulator 33' when the
regulator 33' is being supplied. While the rate is betweer x r.p.m.
and z r.p.m., the valve EVZ is not actuated, and the air from the

regulator 33 passes through the pilot operated valve 70. BAbove
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z r.p.m. both valves EVl and EV2 are actuated but the pilot P of
the valve 70 stops the flow of air from the regulator 33 and alléws
the flow of air, at hidher pressure, from the regulator 33'.
Consequently, with a suitable return spring for the pneumatic actuator
supplied by the arrangement of Fig 7, e.g. the actuator 34, or
42 or 59, the fuel pump lever can be turned back by a first,
smaller amount at the occurrence of a rate between x r.p.m. and
z r.p.m. and by a second, larger amount at the occurrence of a
rate exceeding z r.p.m. Thus a two stage control can be effected.
Contreol with more stages than two can be provided using further
suitable circuits according to Fig 3 and further overriding
pneumatic branches having an electro-pneumatic valve, a pressure
regulator and a pilot operated spring returned air valve.

Fig 11 represents another form of fuel flow control in
which a first pneumatic control 61 with a control member 62
actuable by a user of the vehicle controls the pressure of
compressed air supplied thereto. The output port €63 of the
contyol 61 communicates with the input port 64 of an
electro-pneumatic control unit 65 of which the ouiput port 66
communicates with a pneumatic actuator 67 of the same kind as the
actuator 34 of Fig 5. The actuator 67 has a piston rod 41, a return
spring 48 and a lug 44 as does the actuator 42 of Fig 9. However,
in the arrangement of Fig 11, the lug 44 is pivoted on a fixed
mounting 68 and the rod 41 is pivotally connected to the free end
of the control lever 45 of the fuel pump 46. The electro-pneumatic
control unit 65 has an electro-pneumatic valve 68 shown in Fig 8
and a pressure regulator 71 connected thereto as shown. The output
port of the electro-pneumatic valve 69 is the output port 66 of the
wnit 65.

Energisation of the solenoid of the valve 69, which in
this example is the solenoid 32 of a circuit according to Fig 3,
causes the pressure at the output port 66 to be reduced by the drop
introduced by the regulator 71. Fig 8 shows a one stage control
unit 65. However, electro-pneumatic control units having a
plurality‘of stages to produce control similar to that of Fig 7
or corresponding arrangements with three or more electro-pneumatic
valves can be constructed by simply connecting the required plurality of

arrangements according to Fig B in series with one another, these
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staoes having respective pressure regulators which produce egual
pressure dreps if equal steps in the control are required.

The fuel flow control of Fig 11 is used with the actuator €7
and fuzl pump 46 so arranged that as the actuator 67 is pressurised,
the fuel pump lever 45 turns clockwise to positions of increasingly
higher rates of flow of fuel. BHence, with the electro-pneumatic
control unit 65 of Fig B, actuation of the valve 69 causes a
reduction in the rate of flow of fuel. To achieve a form of control
in which the rate of rotation of the output shaft 17 is increased
auvtomatically from zero to X r.p.m. and then held at the lower rate
cf vy r.p.m, the irst control 61 may simply be dispensed with and’
the control unit 65 of Fig 8 is used with the circuit of Fig 3 as
described so that the solenoid 32 is energised abové X r.p.m on
increase of shafi rate from zero and remains thereafter energised
above v r.p.m. However, a more satisfactory system for achieving
such control is provided by again dispensing with the first control
61 and modifying the unit 65 of Fig B8 by reconnecting the
regulator 71 so that the input port 64 commmicates with the output
port 66 through the regulator 71 when the valve 69 is not actuated,

and that the input port 64 communicates with the output port 66

P

rectly through the vaive 69 whsn the valve 69 is in its actuated
state, the circuit of ¥ig 3 being so modified that the solenoid 32
ic energised while the cuipur shaft rate imcreases from zero to

*» r.p.m. and is thereupon de—energised mntil the rate falls below

In a simple example of a form of control in which the rate of
rotation of the output shaft 17 of Fig 6 is increzsed from zero to a
predetermined rate and held substantially at that predetermined rate,
the fuel £flow control 22 of Fig 6 consists of a fuel pumo having its
lever directly connected to and positioned by the piston rod of the
actuator 34 of Fig 5, the arrengement being such that as the piston
red is moved leftwards in Fig 5 by the compressed air from the
valve 22, which preferably has its ncn-return valve connected the

opposite way round from the way shown in Fig 5, the lever (not

e

shown) of the fuel pumn (not shown) is turned to positions of
increasingly hidher rates of flow of fuel to the engine 10. The

solenoid 37 of the electro-pneumatic valve must in this exmaple

W
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be energised for rates of shaft rotation below the predetermined
rate, and therefore the circuit according tc Fig 3 must be modified
by having a relay RL1 which has normally open contact sets RL1-1
and RL1-2, these sets being closed whenever the relay RL1 is
energised.

In a further modification, whichever form of control is
provided, the apparatus of Fig 5 is adapted, by the introduction of
a shuttle valve in the connection between the contrecl valve 28
and the actuator 34, to allow control of the actuator 34 by another
supply of compressed air which may be controlled in any desired
manner. The shuttle valve (not shown) has its output port comnected
to the actuator and its two input ports respectively connected
to the valve 28 and the other supply of compressed air, so that
whichever of the valve 28 and the other supply provides the higher
air pressure takes control of the actuator 34.

In,embodiments of the present invention in which the engine
driving the power take-off output shaft has an engine speed v.
fuel inpufﬁcharacteristic such as that of Fig 1, the two or more
reference rates for thé output shaft, e.g. x r.p.m. and y r.p.m,
can be chosen to provide the optimum working conditions for the
power take-off apparatus with regard to the expected load on the
power take-off output shaft, despite the rapic rate of change of
engine speed with fuel input in the middle range of rates of
rotation of the engine output shaft. For example, by suitable
choice of x and y, the engine to which Fig 1 relates can be
caused to work in the range 1600 r.p.m. to 1800 r.p.m.

Although in all the examples shown in the drawings, the means
for controlling the rate of flow of fuel has included a fuel pump, _
where the engine is not an injection engine the means for controlling
the rate of flow of fuel will usually employ a carburettor instead
of a fuel pump. In an embodiment of the present invention which
employes a carburettor, a solenoid analogous to the solenoid 32
of Fig 3 may have an armature adapted@ to act directly on an
accelerator linkage of the carburettor since the power required to
operate such a linkage does not warrant the use of a2 pneumatic

actuator.
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CLAIMS
1. A vehicle comprising:
an intermal combustion engine,
a fuel supply for said engine, flow rate controlling
means for controlling the flow rate of fuel to said engine,
power take-off means coupled to said engine to be driven
thereby, and a power take-off output shaft in said power take-off
means, characterised by
means (18) for sensing rotation of said output shaft (17)
/and producing in response thereto a repetitive signal in which
the repeated element is inversely related to the rate of rotation
of said output shaft (17),
and electrical control means (20) coupled to said sensing
means (18) to receive therefrom said repetitive signal and so
coupled to said means (22) for controlling the rate of flow of fuel
as to cause said flow rate controlling means (22) to reduce said
flow rate whenever the rate of rotation of said output shaft (17)

exceeds a predetermined value when increasing from zero.

2. A vehicle according tc claim 1, wherein said electrical
control means (20) includes timing means (25) adapted to
distinguish between the duration of the said repeated element of the
repetitive signal when the said rate of rotation is increasing

from zero and is below the said predetermined rate and the duration
of the said repeated element when the said rate of rotation is

increasing from zero and exceeds the said predetermined rate.

3. A vehicle according to claim 2, wherein said timing
means (25) is further adapted to distinguish between the duration
of said repeated element when the said rate of rotation is
decreasing from above the said predetermined rate but is above a
further predetermined rate, and the duration of said repeated
element when the said rate of rotation is decreasing from above
the first said predetermined rate and is below the said further

predetermined rate.

=
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4. A vehicle according to claim 3, wherein saigd timing means
(25) comprises an astable multivibrator (IC2, C2, VR1, R6, VR2,

R7, RB) so coupled to said means (18) for sensing rotation as to be
inhibited for a predetermined interval at each occurrence of one part
of the said repeated element of the repetitive signal, and a
monostable circuit (IC3, R9, C4) so coupled to the astable
multivibrator (IC2, C2, VRl, R6, VR2, R9, RB) as to be triggered
into or maintained in the set state of the monostable circuit

(xCc3, R9, C4) by each occurrence of at least part of a cycle of
astable operation of the astable multivibrator, the said
predetermined interval being of shorter duration than the time for
which the monostable circuit can remain in its set state in
response to a single triggering thereof, and said monostable

circuit providing a binary output signal representative of its

state.

5. A vehicle according to claim 4, wherein feedback means

(TR3, D4, R13, R12, TR2) are provided between the monostable

circuit (C3, R9, C4) and the astable multivibrator (IC2, C2, VR,
R6, VR2, R9, R8B) which in response to the binary output signal of the
monostable circuit determine the duration of said predetermined

interval.

6. A vehicle according to any preceding claim, wherein said
electrical control means (20) operates such as to prevent said flow
rate controlling means (22) from increasing said flow rate after
said rate of rotation exceeds said predetérmined value until said
rate of rotation falls_below a further predetermined wvalue which

is lower than the first said predetermined value.

7. A vehicle according to any preceding claim, wherein said
electrical control means (20) is such that whenever said rate of
rotation exceeds a higher Qredetermined value above the first
said predetermined value, said electrical control means (20)
responds by causing said flow rate controlling means (22) to

further reduce said flow rate.



8. 2 venicle accerding to any preceding claim, wherein

said flow rate controlling means (22) includes a mechanical member
(35 or 49 or 62) operable by a user to control said flow rate
whenever said rate of rotation is increasing from zero and below

said predetermined value.

9. A vehicle according to any preceding claim, wherein said
mezans for sensing rotation and producing in response thereto a

repetitive signal comprises pulse generating means (18, 24).

10. 2 vehicle according to claim 4, wherein said monostable
circuit (IC3, RY, C4) is so coupled to electrically energisable
means (RL1) that the energisation of said electrically energisable
means (RL1) is dependent on the presence of one of the levels

of the said binary signal, and the electrically energisable means

{FL1) is adapted to control said flow rate controlling means (22).

i1. & vehicle according to claim 10, wherein said electrically
energisable means comprise a relay (RLl) having a set (RL1-2) of
contacts which is adapted to control the supplying of electrical
power to & solenoid (32) comprising part of said filow rate

controlling means (22).
1Z. & motor vehicle equipped with power teke—-off apparatus
driven by an intexnal combustion engine and including a rotary
power take-off output shaft, characterised by:

a sensor (18) arranged and adapted to produce pulses at
a repetition rate proportional to the rate of rotation of said
rotary output shaft (17); rate discriminating circuitry (IC2,
C2, VRl, R6, VR2, R7; RB) cowpled to receive said pulses and
discriminating between pulse repetition rates above and below at
least cne predetermined rate; rate level indicating means (IC3,
R3, C4) coupled to said rate discriminating means to provide a
binary output signal indicative by the prevailing level thereof
of the relation of the pulse repetition rate to said at least one
predetermined rate; and flow rate control means (22) coupled to

said rate level indicating means and responsive to said binary
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output signal to control a flow of fuel to said internal
combustior engine (10), said flow rate control means being
such as to reduce said flow of fuel in response to the level of
said binary output signal indicating a pulse repetition rate

exceeding at least said one predetermined rate.

13. A motor vehicle according to claim 12, wherein said rate
discriminating circuitry includes an astable multivibrator

(Ic2, Cc2, VRl, R6, VR2, R7, RB) so coupled to said sensocr (18)

as to be inhibited by pulse repetition rates exceeding said one
predetermined rate, and said rate level indicating means includes
a monostable circuit (IC3), R9~ C4) so connected to said

astable multivibrator as to reset conly in response to said
astable multivibrator being inhibited for a predetermined length

of time.

14, A motor vehicle according to claim 13, wherein said

sensor means includes an inductive sensor (18) so mounted

adjacent a plurality of metal projections eguiangularly disposed about
and fixed to rotate with said rotary output shaft (17) as to

produce on rotation of said rotary output shaft one pulse in

response to each pass of each of said projections through the

region of sensing associated with sdid sensor.
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